prone to dissolution -remineralisation, resulting in high transfer efficiencies (Henson et al., 2012; Lam et al., 2011;  and the remineralisation depth was deeper when the fraction of micro-phytoplankton decreased or the fraction of 82 pico-phytoplankton increased.
83
Due to the complex impact of these biogeochemical factors on the POC export and according to the distinct 84 features of each biogeochemical basin, the efficiency of the North Atlantic to transfer POC to the deep ocean 85 deserves more study.
86
In this context, we investigated POC export fluxes derived from the Thorium-234 ( 234 Th) approach along a transect 87 in the high-latitude North Atlantic, from the Iberian margin to the sub-arctic Irminger and Labrador Seas. 234 Th, a 88 highly particle reactive element with a short half-life (24.1 d), is widely used to explore particle export over short Th ratio of sinking particles at the depth of export (Buesseler et al., 2006) .
95
In this study, we discuss carbon export fluxes determined at the base of the deficit zone according to the 96 biogeochemical properties found in each basins, with special emphasis on the stage and intensity of the bloom as 97 well as on the phytoplankton community structure. Using estimates of primary production from shipboard 98 incubations and satellite-derived Chl-a, we explore surface export efficiencies at different time scales over the 99 studied area. In addition and using deep carbon export, we investigate POC transfer efficiency in the upper 100 mesopelagic. activity was measured for each sample after a delay of six 234 Th half-lives (~ 6 months) and these residual counts
117
were subtracted from the gross counts obtained on-board. All samples were then processed for Th recovery using Th recovery, involving all the steps described above,
126
was 91 ± 14% (n=200). Uncertainty of total 234 Th activity, estimated from error propagation, was between 0.04 127 and 0.10 dpm L -1
.
128
The 238 U activity was deduced from salinity using the Eq. 1, given by Owens et al. 
132
Suspended particles were collected using in-situ large-volume filtration (100-1600 L) systems (Challenger
133
Oceanics and McLane pumps; ISP hereafter for "in-situ pumps") through paired 142 mm-diameter filters: a 53 µm 134 mesh nylon screen (SEFAR-PETEX®; polyester) and a 1 µm pore size quartz-microfiber filter (QMA, Sartorius),
135
respectively. The small size fraction (1-53 µm) is referred to hereafter as SSF and the large size fraction (> 53 µm)
136
as LSF. Prior to the cruise, filters were cleaned as follows: PETEX screens were soaked in 0.6 M HCl (Normapur,
137
Merck), rinsed with Milli-Q water, dried at ambient temperature in a laminar flow hood, and stored in clean plastic 138 bags; QMA filters were pre-combusted at 450 °C for 4 h and stored in aluminum foils until use. ISP were deployed 139 between 15 and 800 m on a stainless steel cable and the pumping time was approximatively 2-3 h (Table S2) .
140
After collection, filters were processed on board. The 142 mm PETEX screen was cut into quarters using a clean 141 scalpel and two quarters were processed in this study. Particles were rinsed-off from the PETEX screen using 0.45 142 µm filtered seawater under a laminar flow hood. For one quarter of the PETEX screen, the rinsed-off particles
143
were re-filtered on a silver filter (SterliTech, porosity=0.45 µm, diameter=25 mm) and for the other quarter on a
144
GF/F filter (Whatman®, porosity=0.7 µm, diameter=25 mm). The QMA filters were sub-sampled with a perspex 145 punch of 25 mm diameter. Silver, GF/F and QMA filters were dried overnight and prepared for beta counting (see 146 section 2.1). After counting the residual beta activity (~ 6 months later), samples were prepared for POC, 
209
The comparison between the export flux (P) and scavenging flux (J) in terms of P/J ratio (export ratio) offers a derived PP (VGPM-PP) are closest to the in-situ PP measurements during our study (Fig. 4) . Therefore, VGPM-
249
PP is used in later discussion.
250
VGPM-PP data were averaged over 5 × 5 pixel boxes corresponding to a surface area of 2025 km² (45 km×45 km) 251 centered on the different sampling stations and the VGPM-PP was averaged for the week (8 days), the month (32 252 days) and the whole productive period prior to the sampling date. The whole productive period is the period 253 between the bloom start (defined by a PP increase of 30% above the winter value) and the sampling date (Fig. 5 ).
Results
Stations 1 and 13 were sampled 10 to 12 weeks after the start of the bloom ( 
261
In line with low in-situ PP, low POC concentrations and particulate 234 Th activities were determined in the Iberian 262 basin (Table S2) . POC: 234 Th ratios were low in both size fractions at Station 13, while Station 1 had high ratios,
263
reaching 31 µmol dpm -1 in surface for the LSF (Fig. 3) . Similarly, Station 13 had the lowest LSF POC: 234 Th ratio 264 extrapolated at Eq whereas Station 1 had one of the highest ratios (Table 3) .
265
The 234 Th/ 238 U ratios were in the median of the range observed along the transect and reached minima of 0.68 and Table 1 ). Consequently, the export ratio (P/J) was higher at Station 1, reaching 0.84, compared to U ratio > 1.1) were observed at both stations,
276
indicating particle degradation (Fig. 2) . However, significant shallow remineralisation was only observed at
277
Station 13 for which the R100 value was above uncertainty, reaching 410 ± 218 dpm m -2 d -1 (Table 1) . This (Table 3) .
287
Along with high PP, relatively high surface POC concentrations and particulate 234 Th activities were measured 288 averaging 3.7 µmol L -1 and 0.2 dpm L -1 for the LSF and, 5.4 µmol L -1 and 0.5 dpm L -1 for the SSF (Table S2) Th flux reduction.
304
Relatively high POC export fluxes at Eq were observed in the west European basin, reaching respectively 4.8 and 
312
The bloom period started in May, one month before the sampling and the bloom maximum occurred after the 313 cruise (Fig. 4) ; Table 3 and Fig. 4 and 5).
315
POC concentrations and particulate 234 Th activities were relatively high, but unlike for the west European basin 316 the highest concentrations and activities were found in the SSF, reaching 5.8 µmol L -1 and 0.4 dpm L -1 , respectively 317 at Station 32 (Table S2 ). For surface waters of both stations, POC: 234 Th ratios in the SSF exceeded those in the 318 LSF ( Fig. 3 ) but ratios were similar between the two size fractions at Eq depth (difference less than a factor of 319 1.1). The ratios extrapolated to Eq for the LSF were 3.6 and 4.2 µmol dpm -1 at Stations 32 and 38, respectively 320 and were in the median of the range along the transect (Table 3) .
321
As for the west European basin, 
The Irminger basin (Stations 44 and 51)

336
The ship crossed the Irminger basin one month after the beginning of the bloom and sampling occurred just 1 week
337
(Station 44) to 3 weeks (Station 51) after the peak of the bloom (Fig. 4) Th 346 ratio at Eq in the LSF at Station 44 fitted the median of the ranges determined along the transect, while the ratio at
347
Station 51 was relatively lower (2.9 µmol dpm -1
, Table 3 ).
348
The 234 Th/ 238 U ratios in the surface waters were higher than at other stations, reaching minima of 0.79 and 0.78 at
349
Stations 44 and 51, respectively. These low 234 Th deficits were also restricted to the upper layer, especially at
350
Station 44 where the Eq depth was 40 m (Fig. 2) . 
359
Below the Eq depth, there was no significant excess of 234 Th relative to 238 U, reflecting no evidence for significant 360 shallow remineralisation, with R100 values being either negative or below uncertainty.
361
The Irminger basin was characterized by low POC export fluxes (1.4 and 2.7 mmol m -2 d -1 at Stations 44 and 51, 362 respectively). In the literature, a relatively large range of POC export fluxes has been reported for this basin. . Ceballos-Romero et al.
364
(2016) also determined much higher POC fluxes compared to those observed in the present study, with differences 365 reaching factors of 27 and 19 for the month before and after our sampling, respectively (Fig. 7) . Th ratios were high (Fig. 3) . At the Eq depth, POC: 234 Th ratios were similar in the 376 two size fractions and reached 9.2, 14 and 8.8 µmol dpm -1 at Stations 64, 69 and 77, respectively. Interestingly, 377 these ratios are higher than the median ratio determined along the transect.
378
The surface (Table 1) .
234
Th scavenging fluxes were 385 also generally low in the Labrador basin, but with again, a slightly lower scavenging flux at Station 64 (Table 1) .
386
A higher export ratio was thus estimated at Station 64 (P/J ratio = 0.75), suggesting a more efficient export close 387 to the Greenland margin compared to Stations 69 and 77 (Fig. 6) .
388
Below Eq, there was a significant excess of (Fig. 7) .
396
Discussion
397
In the following section, we first discuss the potential impact of the physics and the non-steady state conditions on 
414
Current at the Iberian Margin (Fig. 1) . However, the impact of lateral advection cannot be quantified from our 415 dataset, as the possible horizontal gradients of 234 Th cannot be resolved at sufficient resolution. As an alternative, 
430
In upwelling systems, the contribution of vertical advection on the 234 Th distribution has been shown to be Th activities in the water column, which is not the case during our 438 study (Fig. 2) . Moreover, this convection ended more than two months before our sampling, a time lag that largely , which is in the range of the 234 Th flux uncertainties.
As the cruise sampling scheme did not allow to collect samples through a time series, it was necessary to assume 
456
During the weeks preceding GEOVIDE, large changes in satellite-derived PP were observed (Fig. 4) . In order to 457 evaluate the potential error introduced by the SS approach, we attempted to apply a NSS model (see section 2.3;
458
Eq. 4).
459
The west European and Icelandic basins had the highest NSS 
477
Apart from Stations 1 and 13, which were sampled after the bloom, the different basins were sampled during the Table 1 ).
498
The Labrador Sea basin was sampled just shortly after the peak of PP and was characterized by low in-situ PP, 
532
Our results suggest that high POC export fluxes can be mediated through either micro-or nano-phytopkankton 533 species, suggesting that sinking velocity is influenced by other parameters than the size, likely their composition 534 and density (Fig. 8) . 
Export and transfer efficiencies of POC
536
In order to characterize the strength of the biological carbon pump, we used two parameters: the export efficiency
537
(ThE), which is the ratio of the POC export flux at Eq over the PP (Buesseler, 1998 ) and the transfer efficiency
538
(T100) which is the ratio of the POC export flux at 100 m below Eq over the POC export flux at Eq (Fig. 9) . Note 539 that the POC export flux at Eq+100 (Table 3) was calculated by multiplying the 234 Th flux at Eq+100 by the POC 540 to 234 Th ratio of large particles for the same depth. The POC: 234 Th ratio at Eq+100 was deduced from a power law 541 fit (Fig. 3) .
542
Based on in-situ PP values (Table 3) Atlantic is characteristic of highly productive areas of the world ocean.
566
However, it should be kept in mind that the ThE calculation is based on two parameters that are integrating 567 processes over different time scales: 24 h for in-situ PP and several weeks for export. Strong variability of PP 568 during this longer period would highly impact the ThE ratio. Therefore, ThE ratios were also estimated using the 569 VGPM-derived 8-day, 32-day and seasonal PP (Table 3) . As seen in Section 2.7, there are no significant 570 differences between the VGPM-PP estimates regardless of the integrations times, and thus no significant 
598
with rapid changes over a month duration, confirming the large temporal variability of the POC export fluxes.
period increasing numbers of rapidly sinking particles increases POC export.
602
The magnitude of the fluxes seems also related to the phytoplankton size and community structure. One of the 603 lowest POC export fluxes was found at the stations where pico-phytoplankton dominated the community. In 604 contrast, the areas composed by micro-and nano-phytoplankton were characterized by high POC export fluxes.
605
These areas were dominated by diatoms or coccolithophorids, known to strongly ballast the POC export fluxes.
606
This suggests that the size as well as the composition and density of the particles likely play an important role on 607 the particulate sinking velocities and thus on the magnitude of the POC export fluxes.
608
For most stations, the fraction of primary production that is exported from the surface zone (export efficiency) was 609 ≤ 14%, which is in agreement with the global ocean export efficiency (~10%; Buesseler, 1998) . Export efficiency 610 was also inversely related to primary production, indicating that the North Atlantic during our study behaved like community structure on the sinking velocity of marine aggregates, Global Biogeochem. Cycles, 30, 1145-1165, 10 ± 1 13 ± 1 77 6.1 ± 1.5 7.5 ± 0.9 935 
